streams (SENSOLO et al. 2012) . For instance, suppression of the riparian vegetation results in decreased overall diversity and increased numbers of tolerant taxa (AL-SHAMI et al. 2010a ). Different chironomids inhabit different habitats and substrates (SANSEVERINO & NESSIMIAN 2001) although they are most frequent in heterogeneous and stable environments, where they attain high diversity (ROSA et al. 2011 (ROSA et al. , 2013 .Temporal variations in biological communities are mainly linked to climate-related changes (e.g., temperature and rainfall). Climate affects ecological processes such as competition, predation and recruitment (GRESENS et al. 2007 ). In addition to climatic factors, temporal variations in the structure and composition of chironomid communities may reflect the biological characteristics of the species that compose these communities (HEINIS & DAVIDS 1993 , SIQUEIRA et al. 2008 or temporal changes in physical and chemical characteristics (AL-SHAMI et al. 2010b) . Natural disturbances, such as spates caused by increased rainfall in human-impacted areas may carry chemicals from adjacent areas to the streams, thus affecting chironomid communities (GRESENS et al. 2007) .
In this study, the intra-and inter-annual variation of Chironomidae communities in subtropical streams was assessed over three years. We tested the hypothesis that environmental factors related to human activities may be important in structuring communities in streams. Thus, the objectives of this study were (1) to evaluate the intra and inter-annual variations in Chironomidae communities and (2) to determine whether these temporal variations are associated with environmental factors.
MATERIAL AND METHODS
This study was conducted in the upper portion of the Uruguay River Basin in southern Brazil (27°12'59" and 28°00'47"S, 52°48'12" and 51°49'34"W, Fig. 1 ). The region is characterized by a subtropical climate (Koppen Cfb) with average annual rainfall of 1912.3 mm and average annual temperature of 17.6°C. The vegetation is a subtropical forest mix. It is mostly composed of species with tropical-subtropical distribution in the Upper Uruguay, and Araucaria Forest with a predominance of Araucaria (OLIVEIRA-FILHO et al. 2015) . The predominant land use is intensive agricultural practice (~77% of the total area), with soybeans, corn, wheat crops, and large forested areas (DECIAN et al. 2009 ). Thus, all 10 selected streams are embedded in a complex agricultural matrix. All streams studied were small-order streams (<3rd order) and had similar limnological characteristics. The average percentage of vegetation in the riparian zone of the streams was 23% (range 11-49%).
cation of 1,000 times. Specimens were identified at the genus level using the identification keys of TRIVINHO-STRIXINO & STRIXINO (1995) and TRIVINHO-STRIXINO (2011) .
To assess the intra-and inter-annual variations in abiotic variables Multivariate Analysis of Variance (MANOVA) was used. Variations in chironomid abundance and richness between the seasons (intra-annual) and between the years (interannual) were evaluated using a repeated measure Analysis of Variance (RM-ANOVA). Non-Metric Multidimensional Scaling (NMDS) (KRUSKAL 1964) was used to order the chironomid communities. The NMDS was performed with a biological matrix based on the presence or absence of genera in each stream using the Jaccard index. The relationship between environmental and biological data was tested by fitting vectors of environmental variables to the NMDS ordination (function 'envfit' of the vegan package). Analysis of Similarity (ANOSIM) was used to evaluate the level of segregation in community composition between years and within years,. All analyses were performed using R software (R CORE TEAM 2013) with the 'vegan' package (OKSANEN et al. 2013) .
RESULTS
The studied streams have well-oxygenated (10.85 ± 2.51 mg L -1 ), slightly acidic water (pH 6.62 ± 0.22) with electrical conductivity of 0.030 ± 0.059 mS cm -1 (mean of three years). The highest average turbidity was recorded in summer (11.75 ± 4.90 NTU). However, the highest average total organic carbon was recorded in winter (218.34 ± 216.16 mg L -1 ) ( Table 1 ). The total organic carbon was very high in the winter of 2011 (Table 1 ). The highest average monthly rainfall occurred in 2011 (172.20 ± 85.16 mm) followed by 2010 (122.6 ± 101.7 mm) and 2012 (36.7 ± 60.0 mm; Fig. 2 ). However, in 2010 and 2012there was as much rainfall in the winter and the summer. In 2011, the difference in rainfall between the winter and summer seasons was ca. 150 mm. Overall, the abiotic variables differed among the years and between the seasons (F (2,56) = 18.22, p = 0.001 and F (1,56) = 25.10, p = 0.001, respectively, Table 2 ).
We obtained a total of 7,568 chironomid larvae distributed in 49 genera. The highest abundance was recorded in 2012 (3,304 larvae, 43.7% of the total), followed by 2011 (2,430 larvae, 32.1%) and 2010 (1,834 larvae, 24.2%). In two of the three years studied (2010 and 2012, Fig. 3 , Table 3 ) chironomids were more abundant in the winter. The greatest number of chironomid genera (43 genera) was identified in 2011, followed by 2012 (33 genera) and 2010 (25 genera). Thus, abundance varied intra-annually while richness varied intra-and inter-annually (Table 3 , Fig. 4 ).
Among the genera identified, Pentaneura Philippi, 1865, Polypedilum Kieffer, 1912, and Rheotanytarsus Thienemann & Bause in Bause, 1913 were the most frequent in the samples. Aedokritus Roback, 1958 , Antillocladius Saether, 1981 , Denopelopia Roback & Rutter, 1988 , Djalmabatista Fittkau, 1968 We obtained the following variables from each stream: water temperature, turbidity, conductivity, total dissolved solids, dissolved oxygen and pH, with the aid of a multiparameter analyser HORIBA ® U50. A Shimadzu ® TOC-VCSH analyzer was used to measure total organic carbon (TOC) and total nitrogen.
Chironomidae larvae were collected in August (winter) and December (summer) of the years 2010, 2011 and 2012. At each stream, three sampling units were obtained with a Surber sampler (mesh 250 µm, area 0.09 m 2 ) on a rock substrate. The material was fixed in the field using 80% alcohol. In the laboratory, Chironomidae larvae were dipped in a of 10% bleach solution of potassium hydroxide for 24 hours. Individuals were then mounted on semi-permanent slides with Hoyer solution and were identified under optical microscope with a magnifi- Fittkau, 1963 , Paracladius Hirvenoja, 1973 , Paramerina Fittkau & Stur, 1997 , and Pseudochironomus Riethia Malloch, 1915 occurred only in winter, while Endotribelos Grodhaus, 1987 , Microchironomus Kieffer, 1918 , Parapentaneura Stur, Fittkau & Serrano, 2006 , and Ubatubaneura Wiedenbrug & TrivinhoStrixino, 2009 occurred only in summer (Table 4) . Community composition was similar between seasons when the three years were analysed together (ANOSIM, R = -0.01, p = 0.596, Table 2 . MANOVA results for limnological intra and inter-annual among the studied streams were considered as factors the years studied (inter-annual) and the seasons (intra-annual). SMITH et al. 2003) . When rainfall increases, chemical compounds present in the soil are dragged into the streams and cause changes in the abundance, richness, and composition of chironomid communities (GRESENS et al. 2007 ). The effect of runoff in this study was especially observed in TOC concentrations in the winter of 2011. In 2010 and 2012 rainfall was normal with respect to historical records. Streams and their chironomid communities were stable as a result of this. Rainfall increases the amount of water and unstable and homogeneous substrates into the streams (ROSA et al. 2013 , SALLES & FERREIRA-JUNIOR 2014 . Therefore, the increased rainfall (2011) during the study period was an important contributor to the observed variations in inter-annual richness. Fluctuations in water regimen allow great habitat diversification, i.e. more tolerant species can occupy distinct regions of the drainage area, in addition to changing the limnological characteristics of streams (SHUVART et al. 2005 , ABURAYA & CALLIL 2007 , ROQUE et al. 2007 . SILVA et al. (2014) also observed that Chironomidae diversity was higher during the years when the abiotic charac- (Figs. 5-8) .
Manoa
The environmental variables that were correlated with the scores of the first two NMDS dimensions were those that variated seasonally (temperature), human activities (total organic carbon and nitrogen) and rainfall (Table 5) . When data from all years were pooled, the community composition correlated with C:N ratio (r = 0.09, p = 0.05) and rainfall (r = 0.11, p = 0.04). Moreover, in 2010, the NMDS scores showed significant correlation with temperature (r = 0.31, p = 0.04) and nitrogen (r = 0.31, p = 0.03). In 2011 there was a relationship between water temperature (r = 0.47, p = 0.004), nitrogen (r = 0.42, p = 0.009), TOC (r = 0.35, p = 0.02) and rainfall (r = 0.30, p = 0.03). In 2012 there was no correlation with any environmental variable (Table 5) .
DISCUSSION
Chironomidae abundance and generic richness varied either intra-annually (between seasons) and inter-annually (between years). In our study, the abundance of individuals and number of chironomid genera were associated with limnologi-5 6 7 8 et al. , SILVA et al. 2007 ). Currently, many streams display similar signs of anthropogenic change (mainly as the result of agricultural practices), a phenomenon known as eutrophication of aquatic ecosystems (GALLOWAY et al. 2003 , SILVEIRA et al. 2006 . The drainage areas of the streams studied were populated with crops and exposed soil (in preparation for cultivation). In these areas, the use of pesticides and fertilizers is high, causing soil contamination particularly when rainfall is intense. These pesticides, plus organic matter and nutrients, are carried into the streams by the rain water. Organic matter is primarily composed of carbon, but it can be associated with other chemical compounds, such as metals (ALI et al. 2002 , AL-SHAMI et al. 2010a , SENSOLO et al. 2012 ). On the other hand, nitrogen is among the most limiting nutrients to primary productivity and the availability of this nutrient affects the abundance of some aquatic organisms (GALLOWAY et al. 2003) . Cricotopus species feed on algae, which in turn are dependent on certain concentrations of dissolved nutrients (SENSOLO et al. 2012) . Polypedilum and Rheotanytarsus were the most common organisms in all samples. Studies report that these genera are easily sampled in streams and are reported as cosmopolitan/tolerant (AMORIM et al. 2004 , MARCHESE et al. 2005 , ABURAYA & CALLIL 2007 . Furthermore, the high density of individuals of Rheotanytarsus is due to their eating habits: they are filter-feeding organisms, consuming exclusively organic matter present in the water (COFFMAN & FERRINGTON 1996) . Polypedilum species stand out for being tolerant to a wide range of environmental conditions, as they may occur both in sites impacted with organic compounds and in non-impacted sites (HEINIS & DAVIDS 1993 , ROSIN & TAKEDA 2007 .
In conclusion, in small temporal scales, local environmental factors have great relative influence on community composition. On the other hand, in larger timescales, climatic factors generate variation (SILVA et al. 2014) . In this study, we observed that in those three years, with semi-annual collecting, intra-annual variations are most evident in the chironomid communities. In this study, the temporal variation of the community was dependent on climatic variations (rainfall) as well as the changes in the TOC and TN caused by intensive agricultural land use.
